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[Document] Specification 

[Title of tlie Invention] NETWORK SYSTEM 

[Claims] 

[Claim 1] A network system, comprising: 

a communication line iiaving a predetermined bandwidtti; 

a temninal unit that is connected to said communication line and receives data 
through the communication line; 

a first unit that Includes said terminal unit through said communication line and 
repeats data to be communicated between said terminal unit and said first unit; and 

a second unit that sends data to said tenminal unit through said first unit 
according to a bandwidth of said tenminal unit that is estimated based on a data delay 
time of said communication line. 

[Ci^m 2] A network system, comprising: 

a communication line having a predetermined bandwidth; 

a terminal unit that is connected to said communication lino and receives data 
through the communication line; 

a first unit that includes s^d terminal unit through said communication line and 
repeats data to be communicated between said temiinal unit and sakd first unit; and 

a second unit that comprises a first measuring means that is connected to said 
first unit and measures a first round trip time as a data delay time between said temninal 
unit and said second unit, a second measuring means that measures a second round 
,trip time as a data delay time between said first unit and said second unit, a 
communication line delay calculating means that calculates the data delay time of said 
communfcation line from said first and second round trip times measured by said first 
and second measuring means, respectively, a communication line bandwidth storing 
means that stores a bandwidth of said communication line corresponding to the data 
delay time of said communication line, and a data sending means that sends data to 
said terminal unit according to the bandwidth of said communication line stored in said 
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communfcation line bandwidth storing means corresponding to the data delay time 
calculated by said communication line delay calculating means. 
[Qaim 3] A network system, comprising: 

a temfiinal unit that sends an echo response with a predetemiined counter value 
to the sender of a predetemiined echo request; 

an access sen/er that includes said temnlnal unit through a communication line 
and repeats data and said echo request to be communicated between said terminal unit 
and said access sever, decrements a count value of the echo request every time 
repeating the echo request, and, when the count value becomes zero, sends an echo 
response to the sender of the echo request; 

one or more routers that are connected to said access server, repeats data and 
said echo request to be communicated between said termir\al unit and said routers, 
decrements a count value of the echo request every time repeating the echo request, 
and, when the count value becomes zero, sends an echo response to the sender of the 
edio request; and 

an application server that is connected to any one of said routers, said 
application server comprising a first echo request sending means that sends a first echo 
request to said terminal unit, a first echo response receiving means that receives a first 
echo response in reply to the first echo request from said tenminal unit, a first measuring 
means that measures a first round trip time as a data delay time between said terminal 
unit and said application server, said first round trip time being an elapsed time from 
send time of the first echo request until receive time of the first echo response, an 
estimating means that estimates the number of routers up to said access server from a 
counter value of the first echo response received by said first echo response receiving 
means, a second echo request sending means that sends a second echo request with 
a count value that is set to be the number of routers estimated by said estimating 
means to said terminal unit, a second echo response receiving means that receives a 
second echo response in reply to the second echo request, a second measuring means 
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that measures a second round trip time as a data delay time between said access 
server and said application server, said second round trip time being an elapsed time 
from send time of the second echo request until receive time of the second echo 
response, a communication line delay calculating means that calculates a data delay 
time of said communication line from the first and second round trip times measured by 
said first and second measuring means, respectively, a communication line bandwidth 
storing means that stores a bandwidth of said communication line corresponding to the 
data delay time of said communication line, and a data sending means that sends data 
to said tenninal unit according to the bandwidth of said communication line stored in 
said communication line bandwidth storing means corresponding to the data delay time 
calculated by sajd communication line delay calculating means. 
[Claim 4] A network system, according to claim 3, wherein: 
said application server comprises an echo response judging means that judges 
whether said second echo response received by said second echo response receiving 
means is sent from said terminal unit or not, and a re^sending controlling means that, 
when said echo response judging means judges that the second echo response 
received by said second echo response receiving meems is sent from said terminal unit, 
makes said second echo request sending means send another second echo request 
with a count value that is set to be less than the number of routers estimated by said 
estimating means to said terminal unit. 

[Claim 5] A networic system, according to claim 3 or 4, wherein: 
said application sender comprises a data sending means that when a data delay 
time of the communication line calculated by said communication line delay calculating 
means is lager than a predetermined threshold value, sends data to said terminal unit 
based on a bandwidth stored In said communication line bandwidth storing means in 
accordance with the data delay time, and, when the data delay time of the 
communication line calculated Is smaller than the predetennined threshold value, sends 
date to said terminal unit at a maximum bandwidth In the communication line up to said 
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terminal unit. 

[Claim 6] A network system, according to claims 3 to 5, wherein: 
said teimlnal unit comprises a connection request sending means that sends a 
connection request to said application server prior to receiving data from said 
application sen/er. and a responding means that receives a connection approval In 
reply to the connection request as the first echo request and sends a response in reply 
to the connection approval as the first echo response; and 

said application server comprises a transmitting means tiiat sends the 
connection approval in reply to the connection request sent from said connection 
request sending means as the first echo request, and a communication line setting 
means that receives the response sent from said responding means as the first echo 
response and sets a communication line between said temiinal unit and said application 
server. 

[Detailed Description of the Invention] 
[Industrial Reld of the Invention] 

This invention relates to a network from a terminal unit to receive various data on 
a network, and more particularly to, a network system including a terminal unit that 
receives data transfen'ed from a server on a network through a line, 

[Prior ArtsJ 

In recent years, the Internet with computer networks connected each other has 
been rapidly in wide use, thereby various services such as email, net news, download 
of moving picture or audio data and TV conference system have been supplied. The 
supplying of the various services is mainly supported by the enhancement in 
performance of computer and the progress of network communication technology. As 
the various sen/ices become widely used, terminal units to use the service have 
become also multiform. For example, as the multiform temiinal units, there are 
home-use personal computers through conventional public telephone line, office-use 
computers through broadband dedicated line, and portable temninal units such as a 
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personal digital assistant (PDA) and a cellular phone through wireless communication 
line in a nan'ow bandwidth. 

In using the various services on the Internet, it is necessary to set the 
communication line between a terminal unit and an application server to supply the 
various services on the Internet, in this regard, the setting of communication 
bandwidth is conducted so that the resource in network can be used effectively and 
thereby the terminal unit subject to the service can be comfortably serviced. Thus, the 
various service data are transfen'ed from the application server, 

In setting the communication band\Mdth, it is necessary to know the bandwidth 
of line between the application server and the temninal unit. TTierefore, in conventional 
netwoi1( systems, for example, bandwidth information is sent from the terminal unit to 
the application server, and through a communication line to be set based on this 
information, \^'ous service data are transferred from the application server to the 
terminal unit. 

On the other hand, Japanese patent application laid-open No.11-112543 (1999) 
discloses a data communk^atlon method and a repeater used in the method. In tiie 
network system to which this method is applied, in order to conduct the data transfer 
using an optimum bandwidth, tfie repeater that stores in advance communication 
bandwidths to be set to respective communication identification information secures a 
communication bandwidth according to the communication identification information of 
repeating data received. Thereby, sending the bandwidth information and furtfier 
installing a specific bandwidth securing pratocol becomes unnecessary. 

{Problems to be solved by the Invention] 

However, in the conventional network system that bandwidth information is sent 
before the start of communication, the tenninal unit has to be equipped with an 
additional unit for sending the bandwidth information. So, there is a problem that the 
system prevents the mobile terminal from being miniaturized and lightened and lays all 
of various terminals such as the existing Intemet system under need for being equipped 
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with the like function. 

Also, it is practically difficult to apply the technology disclosed in Japanese patent 
application laid-open No.11>l 12543 to a network composing the existing Internet. 
Because, especially in case of the Internet with various networks connected each other, 
all the networks, not a specific network, need to be adapted to the technology. 

On the other hand, concerning the various networks connected each other in the 
internet, the communication bandwidth between them is broad. In contrast, the line 
between the terminal unit and an access server included In tiie Internet for connection 
with this terminal unit is of nanvw bandwidth. Therefore, the bandwidth of 
communication line to be set between tiie temninai unit and the application server often 
depends on the bandwidth of line between the terminal unit and the access server. 
Namely, if the bandwidth of line between tiie terminal unit and the access server were 
known, the resource in network would be used effectively and thereby the terminal unit 
subject to the service would be comfortably sen/iced, so tiiat the various service da^ 
could betransfen^d from tiie application server. 

Accordingly, it is an otjject of the invention to prawde a network system that 
achieves the optimum data transfer knovwng bandwidth of communication line between 
a terminal unit and an access server without requiring the connection information about 
ttie bandwidtii of communication line therebetween from the terminal unit. 

It is a further object of the invention to provide a network system that is capable 
of being easily applied to the existing Intemet system. 

[Means for solving the Problems] 

According to the invention, a network system, comprises: 

a communication line having a predetermined bandwidth; 

a terminal unit tiiat is connected to the communication line and receives data 
through tiie communication line; 

a first unit that includes the tennlnal unit through tiie communication line and 
repeats data to be communicated between the terminal unit and the first unit; and 
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a second unit that sends data to the terminal unit through the first unit according 
to a bandwidth of the terminal unit that is estimated based on a data delay time of the 
communication line. 

According to the invention in claim 1 , network system, comprises a firet unit that 
includes the temiinal unit through the communication line having a predetemiined 
bandwidth, and a second unit that sends data to the terminal unit according to a 
bandwidth of the terminal unit that is estimated based on a data delay time of the 
communication fine is connected to the first unit. 

Acconjlng to another aspect of the Invention, a networic system, comprises: 

a communication line having a predetermined bandwidth; 

a terminal unit that is connected to the communication line and receives data 
through the communication line; 

a first unit that includes the terminal unit through the communication line and 
repeats data to be communicated between the terminal unit and the first unit; and 

a second unit that comprises a first measuring means that is connected to the 
first unit and measures a first round trip time as a data delay time between the terminal 
unit and the second unit, a second measuring means that measures a second round 
trip time as a data delay time between the first unit and the second unit, a 
communication line delay calculating means that calculates the data delay time of the 
communication line from the first and second round trip times measured by the first and 
second measuring means, respectively, a communication line bandwidth storing means 
that stores a bandwidth of the communication line corresponding to the data delay time 
of the communication line, and a data sending means that sends data to the terminal 
unit according to the bandwidth of the communication line stored in the communication 
line bandwidth storing means corresponding to the data delay time calculated by the 
Gommunication line delay calculating means. 

According to the invention in claim 2. the data delay time of the communication 
line can be calculated by the second unit and the first round trip times to tiie unit and 
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the second unit and the second round trip time to the first unit. Further, the 
communication tine bandwidth storing means that stores a bandwidth of the 
communication line con'esponding to the data delay time of the communication line is 
provided. The second unit sends data to the temninal unit according to the bandwidth 
of the communication line stored in the communication line bandwidth storing means 
corresponding to the calculated data delay time. 

According to another aspect of the invention, a networic system, comprises: 

a tenninal unit that sends an echo response with a predetermined counter value 
to the sender of a predetermined echo request; 

an access sender that includes the terminal unit tlirough a communication line 
and repeats data and the echo request to be communicated between the terminal unit 
and the access sever, decrements a count value of the echo request every time 
repeating the echo request, and, when the count value becomes zero, sends an echo 
response to the sender of the echo request; 

one or more routers that are connected to the access sen/er, repeats data and 
the echo request to be communicated between the terminal unit and the routers, 
decrements a count value of the echo request every time repeating the echo request, 
and, when the count value becomes zero, sends an echo response to the sender of the 
echo request; and 

an application server that Is connected to any one of the routers, the application 
sen/er comprising a first echo request sending means that sends a first echo request to 
the terminal unit, a first echo response receiving means that receives a first echo 
response in rspiy to the first echo request from the temninal unit, a first measuring 
means that measures a first round trip time as a data delay time between the tenninai 
unit and the application server, the first round trip time being an elapsed time from send 
time of the first echo request until receive time of the first echo response, an estimating 
means that estimates the number of routers up to the access server from a counter 
value of the first echo response received by the first echo response receiving means, a 
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second echo request sending means that sends a second echo request with a count 
value that is set to be the number of routers estimated by the estimating means to the 
temninai unit, a second echo response receiving means that receives a second echo 
response in reply to the second echo request, a second measuring means that 
measures a second round trip time as a data defay time between the access server and 
the application sen/er, the second round trip time being an elapsed time from send time 
of the second echo request until receive time of the second echo response, a 
ccHTimunlcation line delay calculating means that calculates a data delay time of the 
communication line from the first and second round trip times measured by the first and 
second measuring means, respectively, a communication line bandwidth storing means 
that stores a bandwidth of the communication line con-esponding to the data delay time 
of the communication line, and a data sending means that sends data to the terminal 
unit according to the bandwidth of the communication line stored In the communication 
line bandwidth storing means corresponding to the data delay time calculated by the 
communication line delay calculating means. 

According to the Invention in claim 3, a networit system, comprises: 
an access server that includes the temriinat unit through a communication line 
ha>^ng a predetennined bandwidth and an application server connected thereto. 
The application server that sends data to the terminal unit according to a bandwidth of 
communication line tiiat is estimated based on a data delay time of the communication 
line connected to the terminal unit. The data delay time of communication line 
connected to the terminal unit sends a first echo request from the application sen^r 
and a first echo response from the terminal unit received tfie first echo request is 
received by tiie application sen/er, thereby, the first round trip time is calculated. 
The first echo response is provided with a counter value tfiat data is decremented every 
time passing through access server and one or plural routers placed In the 
communication line between the access sen/er including the terminal unit and 
application server in the terminal unit of the sender- The application sen/er estimates 
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rnlti'al value of the counter value provided at terminal unit from the first echo response 
received, and the number of routers from application server to access server Is 
calculated at the same time, sends it the counter value in the second echo request 
Then, by receiving the second echo response corresponding it, the second round trip 
time can be measured between the access sender and the application server. 
Accordingly, the data delay time in the communication line through the terminal unit can 
be observed. 

According to the invention In dalm 4. network system defined as claim 3, 
wherein: 

said application server comprises an echo response judging means that judges 
whether said s^ond echo response received by said second echo response receiving 
means is sent from said terminal unit or not, and a re-sending controlling means that, 
when said echo response judging means judges that the second echo response 
received by said second echo response receiving means is sent from said terminal unit, 
maizes said second echo request sending means send another second echo request 
with a count value that is set to be less than the number of routers estimated by said 
estimating means to said terminal unit. 

In other words, according to the invention in claim 4, the application server 
checks whether the second echo response is from the terminal unit or not. When 
judged It is from the terminal unit, the application server determines that the estimated 
number of routers is not correct because the number of routers in the route from the 
application sen/er to terminal unit is less than the number of routers in the route from 
the terminal unit to the application server. Then, it sends again the second echo 
request with the initial counter value of a less value by the re-send control means, 
thereby measuring the second round trip time. Thus, the bandwidth estimation 
precision of the communication line connected to the terminal unit can be enhanced. 

According to the Invention in claim 5, a network system defined as claim 3 or 4, 
wherein: 
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said application server comprises a data sending means that, when a data delay 
time of the communication line calculated by said communication line delay calculating 
means is lager than a predetermined threshold value, sends da^ to seUd temnlnal unit 
based on a bandwidth stored in said communication line bandwidth storing means in 
accordance with the data delay time, and. when the data delay time of the 
communication line calculated is smsdier than the predetermined tiireshold value, sends 
data to said temninal unit at a maximum bandwidth In tiie communication line up to said 
terminal unit. 

In other words, the Invention defined as claims 5, when a data delay time of the 
communication line calculated by said communication line delay calculating means is 
lager than a predetermined threshold value, the application sen/er sends data to said 
temninal unit based on a bandwidth stored in said communication line bandwidtii storing 
means in accordance witii tiie data delay time, and, when tiie data delay time of the 
communication line calculated Is not the above sate, the application server sends data 
to said ternilnal unit at a maximum bandwidth in the communication line up to said 
terminal unit. Therefore, tiie processing of the application server can be simplified, 
tiiereby the data transfer can be conducted efficientiy even in case of a narrow-band 
line that is likely to be subject the convergence of networlc. Also, in case of a 
broad-band line, the terminsd unit can receive data more comfortably. 

A network system, according to claims 3 to 5, wherein: 

said terminal unit comprises a connection request sending means tiiat sends a 
connection request to said application sender prior to receiving data from said 
application server, and a responding means that receives a connection approval in 
reply to the connection request as the first echo request and sends a response in reply 
to tiie connection approval as the first echo response; and 

said application server comprises a transmitting means that sends the 
connection approval in reply to the connection request sent from said connection 
request sending means as the first echo request, and a communication line setting 
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means that receives the response sent from said responding means as the first echo 
response and sets a communication line between said terminal unit and said application 
sen^r. 

In the invention defined as claim 6, in a case that the connection processing to 
be conducted prior to the data transfer from tfie application sender to the terminal unit is 
conducted in three-way sha!<e hand manner, the connection approval pacl<et of the 
application server in reply to ttie connection request pacliet from the terminal unit is 
processed as the first echo request and the response pacl<et from the tenninal unit to 
the application sen/er is processed as the first echo response. Thereby, the number of 
packete communicated in the network can be reduced, therefore the throughput can be 
enhanced. 

(Prefen'ed Embodiments of the InventionJ 
[Embodiments] 

The preferred embodiments of the invention will be explained below. 

FIG.1 shows the schematic composition of a network system in the preferred 
embodiment according to the invention. In the network system of the embodiment, 
multiple networks No to Nn are connected through first to N'th routers lOi to 10|y|, 
respectively. The first to N-th routers 10i to 10n, respectively, conduct the repeat 
processing of packet data to be transfen-ed between networks connected, on the 
network layer of open systems interconnection <OSI) basic reference model. Various 
network devices such as a personal computer are connected with the networks Nq to 
Nisi, in this example, an application sen/er 11 to store contents data as service data 
for offering various services is connected with the network N|m. 

In getting contend data being stored in the application server 11 by accessing 

the Intemet that Is composed of the networks No to Nn. it is necessary to connect a 
terminal unit to any one of the networks Nq to Nn, like the application server 1 1 , directly 
or through an access server included in any one of the networks Nq to Nn- In case of 
being directly connected to any one of the networks No to Nn. the temiinal unit needs 
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to be included in a dedicated network and is connected through the router to any one of 

the networks Nq to N|yj. On the other hand, in case of being connected through the 
access server, the terminal unit needs to be connected to the access server through 
public telephone line or wireless communication line that is of a significantly 
narrow-band line compared with the dedicated network. Especially home-use 
personal computers, and portable terminal units such as PDA and cellular phone need 
the access server in accessing the Internet. 

In the network system of the embodiment. It is given that an access server 12 is 

included in the network Hq and the temninal unit 13 is connected with the access server 
12 thix)ugh a line 14 such as public telephone network, cellular network and PHS 

(personal handy-phone system. 

The first to N-tii routers 10i to IOn, application server 11, access server 12 and 
tenninal unit 13, respectively, are provided with unique address, by which they can be 
identified each other. 

Of the communication route sections between the application server 11 and 
terminal unit 13, the line 14 between the access server 12 and the tenninal unit 13 is, as 
described earlier, provided with a considerably nan'ow bandwidth compared with the 
other route sections. In the network system of the embodiment, therefore, based on 
the consideration that the communication bandwidth between the application server 11 
and the tenninal unit 13 depends on the line 14 between the access sender 12 and the 
terminal unit 13, the system Is enabled to estimate the bandwidth of the line 14. 
Namely, since the bandwidth of the line 14 connesponds to the data delay time of the 
line 14, the data delay time of the line 14 is measured using an echo request to be sent 
from the application server 1 1 and an echo response to be sent, In reply to the echo 
request, from the network device (terminal unit 13). Then, the application server 11 
estimates the bandwidth of the line 14 according to the data delay time measured of the 
line 14, and based on the bandwidth estimated, contents data being requested by the 
terminal unit 13 is transferred. Thereby, the system enables the terminal unit 13 to 
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comfortably receive the contents data while using effectively the resource of the 
networks Nq to Nn. 

FIGS.2A and 2B show the schematic composition of data to be communicated 
through the networks Nq to Nig in this embodiment The echo request, echo response 
and contents data, respectively, that are communicated through the networks No to Nn 
compose an IP (Internet protocol) packet data 20 in FIG.2A. The IP packet data 20 is 
composed of an IP header field 21 that various control information for disassembly and 
assembly of data and for communication route control is located, and an IP data field 22 
that disassembled packet data to be communicated is located. The IP header field 21 
is, as shown in FI6.2B, composed of a counter field 23 that a counter value to Indicate 
the number of routers allowed to be passed through, a sender address 24 that a unique 
address assigned to a network device, the sender of data, is located, and a destination 
address 25 that a unique address assigned to a network device, the destination of data 
is located. 

For example, in case of IP packet data to be transfenied from the application 
server 11 to the terminal unit 13, the address of the application server 11 is located In 
the sender address 24, the address of the terminal unit 13 Is located in the destination 
address 25, such a counter value as not to make the data stay in the networks No to 
Nn during a long time for some reason Is located in the counter field 23, and the 
contents data to be sent Is located in the IP data field 22. The counter value of the 
counter field 23 is set to have an Initial value by the sender, and then is decremented by 
one every time IP packet data is passed through the router or access sender. When 
the counter value becomes zero, the IP packet data itself is discarded without repeating 
any more. 

The echo request and the echo response also have a similar composition to that 
of the IP packet data canning the contents data. However, In the IP data field thereof, 
a control message of Internet control message protocol (ICMP) is located. The control 
message of ICMP allows identifying whether the IP packet data is echo request or echo 
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response. The application server 1 1 sends the echo request having the counter field 
with a proper initial value written, to the terminal unit 13 as the destination. If the 
counter value becomes zero at the router or access server before the data reaches the 
terminal unit 13, echo response Is sent as a reply, in this Invention, the sender of the 
echo request, the application server 1 1 , deals with the ICMP time exceeded message 
as the echo response. When the data reaches the terminal unit 13 as the destination, 
the echo response having the counter field with a proper initial value written Is sent as a 
reply. 

The details of the network system in this embodiment that the bandwidtii of the 
line 14 between tiie access server 12 and the terminal unit 13 Is ^timated by 
communicating such an IP packet data are explained below. 

F1Q.3 shows the schematic composition of the terminal unit 13 in this 
embodiment concerning the above-mentioned bandvwdth estimation continol of tiie line 
14. The terminal unit 13 is composed of a line interface (IF) 30 tiiat includes the line 
connected to tiie access server 12, a packet processing section 31 that conducts tiie 
disassembly and assembly of IP packet data to be communicated through the line 14 
with the access server 12, a network . connection processing section 32 that sets a 
communication route tiirough the access server 12 up to the application server 11 on 
the Internet composed of tiie networks No to Nn, and an echo request processing 
section 33 that sends tiie echo response in reply to tiie echo request from tiie 
application server 1 1 . 

The terminal unit 13 tiius composed, in the form of IP packet data in FIG.2, 
•requests tiie setting of a communication route up to tiie application server 11, thereby 
getting contents data tiirough tiie communication route being set, and sends tiie echo 
response in reply to tiie echo request from tiie application server 1 1 . The terminal unit 
13 has a CPU (central processing unit) not shown, thereby it can conduct the above 
various controls based on a control program stored in a given storage. 

Fie.4 shows the outilne of connection processing of communication route up to 
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the application server 11 to be conducted by the terminal unit 13 in this embodiment 
before getting the contend data. Meanwhile, It is given that the line 14 between the 
terminal unit 13 and the access sender 12 is already set. In the terminal unit 13, the 
network connection processing section 32 starts the connection processing of 
communication route up to the application server 11 for getting the contents data (step 
S40:Y), and then the packet processing section 31 generates a connection request 
packet having the composition of IP packet data in FIG.2A (step S41). In this 
connection request packet, the addresses of the terminal unit 13 and the application 
server 11 are located In the sender address and destination address, respectively, and 
data to indicate the connection request Is located in the IF data field. In the counter 
field, such a counter value as to discard the data without being stayed in the networks 
during a long time for some reason Is located. Then, the connection request packet is 
sent from the line IF 30 through the line 14 to the access server 12 (step S42). 

When the access sender 12 receives the connection request packet from the 
terminal unit 13, It refers to at least the destination address and repeats this to the 
communication route being preset 

After sending the connection request packet, the packet processing section 31 of 
the terminal unit 13 monitors the reception of a connection approval packet to indicate 
the connection approval In reply to the connection request from the application server 
11 subjected to the connection request (step S43:N). When the reception is detected 
(step S43:Y), a response packet to confirm the reception of the connection approval Is 
generated (step S44). In the connection response packet, the addresses of the 
application server 11 and the terminal unit 13 are located in the sender address and 
destination address, respectively, and data to Indicate the connection response is 
located in the IP data field. In the counter field, such a counter value as to discard the 
data without being stayed In the networks during a long time for some reason is located. 
In like manner, in the response packet, the addresses of the terminal unit 13 and the 
application sen/er 11 are located in the sender address and destination address, 
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respectively, and data to Indicate the response in reply to the connection approval Is 
located in the IP data field. In the counter field, such a counter value as to discard the 
data without being stayed in the networks during a long time for some reason is located. 
The temriinal unit 13 sends this response packet to the access sender 12 through the 
line 14 (step S45}, and then finishes the processing thus far. 

When the communication route up to the application server 11 is thus set 
according to the connection request of ttie terminal unit 13, an echo request Is first sent 
from the application server 1 1 to the terminal unit 1 3, 

RG.5 shows the outline of the echo request processing by the terminal unit 13 In 
this embodiment The echo request processing section 33 of the temilnal unit 13 
monitors the reception of echo request from the application server 11 (step S50:N). 
When the reception of echo request is detected from the control message of ICMP in 
the IP data field of an IP data packet received (step S50:Y), an echo response that the 
sender address, I.e. the address of application sen/er 11, in the echo request received 
is written into the destination address, the address of the terminal unit 13 is written into 
the sender address, and data to indicate tiie echo response witii the control message of 
ICMP is located in the IP data field Is generated (step S51). In the counter field, such 
a counter value with several bits assigned as not to make the data stay in the networks 
during a long time for some reason Is located. Since the number of routers passed 
through between the terminal unit 13 and application sender 1 1 is normally less than 30, 
more than five bits are assigned to the counter field. Thus, as tine initial value of tiie 
counter value, a numeral that Is easy to estimate, e.g. '128" and "255", is used. 

The echo response thus generated is again sent from tiie packet processing 
section 31 through the line 14 to the access server 12 (step S52). When the access 
server 12 receives the echo response from the terminal unit 13, it refers to at least the 
destination address and repeats this to the communication route being preset. 

The details of the access server 12 and the first to N-tii routers 10i to IOn are 
explained below. Meanwhile, in tiie composition of these devices, part concerning the 
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line estimation control in ttiis ^bodiment is substantially common eacli otiier, therefore 

the explanation below relates to only the access server 12. 

FIG.6 shows the schematic composition of the access server 12 in this 

embodiment concerning the bandwidth estimation control of the line 14. The access 

server12 is composed of a line IF 60 including the line 14 connected to the terminal unit 

13, a network IF 61 having ttie Interface function with the network Nq, a packet transfer 
section 62 that conducts the repeat processing of IP packet data between the line 14 

and the network No, a counter processing section 63 that, based on a counter N^lue in 
the counter field of a IP packet data repeated, determines whether to discard the data 
or to send the echo response, and an echo processing section 64 that conduct the 
echo response processing based on the determination result of the counter processing 
section 63. 

The application server 12 thus composed has a CPU (not shown), thereby it can 
conduct the above various controls based on a control program stored in a given 
storage. 

FIG. 7 shows the outline of packet repeat processing by the application sen/er 1 1 
in this embodiment The packet transfer section 62 of the application server ll 
monitors the reception of IP packet data through the line IF 60 or the netwoh< IF 61 
(step S70:N). When the reception is detected (step S70:Y), the counter value in the 
counter field of an IP packet data received is decremented by one In the counter 
processing section 63 (step S71). Then, it Is judged whether the counter value 
decremented in the counter field is zero or not (step S72). If judged the counter value 
is zero (step S72:Y), then It is judged whether the IP packet data received is an echo 
request or a normal IP packet data, by referring to the IP data field thereof (step S73). 

If judged the IP packet data received Is an echo request (step S73:Y), then an 
echo response is generated by the echo processing section 64 (step S74). Then, the 
echo processing section 64 sends, as a reply, the echo response that the sender 
address of the echo request received Is written Into the destination address, through the 
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packet transfer section 62 to the destination address (step S75), and then the 
processing thus far is finished (end). 

if at step S73 it is judged that the IP pacltet data received is, not the eciio 
request, e.g. a normal paclcet da^ carrying contents data sent from the application 
server 11 (step S73:N), the paclcet data is discarded without repeating (step S76). 
Then, the discard notification is sent to a sender identified from the sender address of 
the packet data discarded, and then the processing thus far is finished (end). 
Meanwhile, in this embodiment, the discard notification is also sent as an echo 
response. 

If at step S72 it is judged that the counter value of the IP packet data received is 
not zero (step S72:N), the packet data Is transferred to the destination designated by 
the destination address of the echo request by packet transfer section 62 (step 877), 
and then the processing thus far is finished (end). 

The main composition of the first to N-th routers 10i to IOn concerning the line 
estimation control in this embodiment is similar to that of the access server 12 In FIG. 6, 
therefore the explanation thereof is omitted here. However, different from the access 

server 12, tiie first to N-th routers 10i to IOn are equipped with the line IF 60, and 
instead of this, they have the network interface function to offer the connection through 
the network IF 61. Also, the operation of tine main composition of the first to N-th 

routers 10^ to 10n conceming the line estimation control In this embodiment is similar 
to that of the access server 12 in FIG.7. therefore the explanation thereof is omitted 

here. 

The details of the application server 1 1 are explained below. 

FIG.8 shows the schematic composition of the application server 11 in this 
embodiment conceming the line estimation control of the line between the temilna! unit 
13 and the access server 12. The application server 1 1 Is composed of; a network IF 

80 having the interface function with the network Nn; a packet processing section 81 
that conducts the assembly and disassembly of IP packet data to be communicated 
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between the application server 11 and the network Njm; a network connection 
processing section 82 that sets the communication route up to the terminsd unit 13 

through the access server 12 included in the Internet composed of the networks No to 
Nn; an echo processing section 83 that conducts the transmission of echo request to 
the terminal unit 13 and the reception of echo response from the terminal unit 13; an 
RTT calculation processing section 84 that calculates a round trip time (RTT)> a data 
delay time in communication route, from send (^transmit) time and receive time of echo 
request and echo response, respectively, by the echo processing section 63; an 
estimation section 85 that estimates the bandwidth of the line 14 based on the 
processing results of the echo processing section 83 and the RTT calculation 
processing section 84; and a table 88 that stores criteria in estimating the bandwidth of 
the line 14 by the estimation section 85. 

The application server 1 1 tiius composed sends the echo request to the temninal 
unit 13 when the communication route up to the terminal unit 13 is set by the network 
connection processing section 82. and tfien waits for the reception of the echo 
response, in reply to tiie echo request, sent from tiie temninal unit 13. When tine echo 
response is received, tiie RTT calculation processing section 84 calculates a RTT, 

RTTi , In the communication route set by the network connection processing section 82, 
from send time of the echo request and receive time of the echo response. Although 
In ttiis example the RTT is measured from send time of the echo request and receive 
time of the echo response, it may be measured by starting the docking of a timer at the 
transmission of echo request and then stopping the clocking at tiie reception of echo 
response. In brief, the elapsed time from the transmission of echo request until tiie 
reception of echo response only has to be known. 

Then, the estimation section 85 estimates an initial counter value in tiie counter 
field set by the temiinal unit 1 3, tiie sender, from the counter value in the counter field of 
the echo response received. Thereby, the number of routers between the application 
sen/er 11 and the terminal unit 13 can be specified. Then, the echo processing 



20 



2005f.'2^23B 105|00i^ HIRATA&PARTNERS 



No. 9991 P. 25 



section 83 sends an echo request to the access server 12 that is located prior to the 

terminal unit 13, thereby the application sen/er 11 can know a RTT. RTT2, of the 
connmunication route between the application servern and the access server 12. 

Accordingly, representing the data delay time of the line 14 by T, the t Is given 
by equation (1) below. 

t = RTTi-RTT2 ...(1) 

The application server 11 judges whether the line 14 is a nanow-band line or 
broad-band line, from the data delay time t calculated by equation (1). If Judged a 
broad-band line, it sets the maximum communication bandwidth of the communication 
route up to the terminal unit 13, then transfem'ng the contents data. Also, if judged a 
narrow-band line, It sets a communication bandwidth corresponding to the data delay 
time t of the line 14, then transferring the contents data. 

Thus, the application server 11 is provided with the table 86 having first and 
second criterion tables, described below, that are used as the criteria for the bandwidth 
estimation of the line. 

FIG.9 shows an example of the criterion table used In judging whether the line 
14 is a narrow-band line or broad-band line. In the first criterion table 90, Vne results of 
judgement are defined conresponding to tiie data delay time t of the line 14 and the RTT, 
RTT2, between the application server 11 and tiie access sen/er 12. The data delay 
time t of tiie line 14 and tfie RTT2 each are binarized into "large" and "small". In tills 
example, given tfiat the packet size of echo request is around 100 bytes, more than 100 
ms is defined as the "large" and less than 100 ms is defined as the "small". 

In ttiis way. if tiie data delay time t of tiie line 14 is more than 100 nis ("large") 

and the RTT2 is less than 100 ms ("small"), ttien It is judged that the line 14 is of the 
namow-band line in communication. Also. If the data delay time t of tiie line 14 is less 

than 100 ms ("small") and the RTT2 is more than 100 ms (larigel, tiien it is judged that 
the line 14 is of tiie broad-band line in communication and tiie terminal unit 13 is 
connected witti a distant network due to tiie large RTT2 to Indicate the long distance up 
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to the access server 12. If the data delay time t of the line 14 is more than 100 ms 

("large") and the RTTg is more than 100 ms ("large'), then it Is Judged that the line 14 Is 
of the nanrow-band line in communication and the terminal unit 13 is connected with a 

distant network due to the large RTT2 to indicate the long distance up to the access 
sen/er 12. if the data delay time t of the line 14 is less than 100 ms ("small") and the 

RTT2 is less than 100 ms ("small"), then it is judged that the line 14 is of the broad-band 
line in communication and the temiinal unit 13 is connected with a near network due to 

the small RTT2 to indicate the short distance up to the access server 12. 

On the other hand, the second criterion table Is a table to determine the 
bandwidth of the line 14 so as to transfer the contents data from the application server 
11 at an optimum bandwld^ when the line 14 is judged as the narrow-band line based 
on the first criterion table. 

FIQ.10 shows an example of the second criterion table used in determining the 
bandwidth of the line 14. In the second criterion table 95, the bandwidth of the line 14 
to be detemiined is defined con-esponding to the data delay time t of the line 14, 
Namely, if the data delay time t of flie line 14 is more than 500 ms. tiien the bandwidtii 
of the line 14 is dstemnined to be less ttian 9600 bps. If ttie data delay time t of tiie line 
14 is 250 ms to 500 ms, then the bandwidth of the line 14 is determined to be 9600 bps 
to 32 Icbps. If the data delay time t of the line 14 is 180 ms to 250 ms, then the 
bandwidth of the line 1 4 is determined to be 32 Icbps. If the data delay time t of the line 
14 is less tfian 180 ms, then the bandwidth of ttie line 14 Is detemiined to be 64 kbps. 

The details of the line estimation control by tiie application sender 11 are 
explained below. 

The application server 11 has a CPU (not shown), thereby it can conduct ttie 
above various controls such as the estimation control of line bandwidth etc. based on a 
control program stored In a given storage. FIQ.11 shows til© outilne of the bandwidth 
estimation control of the line 14 by the application server 1 1 in tills embodiment When 
\he communication route tiirough the access sender 12 and the line 14 to tiie terminal 
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unit 13 is set, the application server 11 sends an echo request to the terminal unit 13. 
Then, it receives, as a reply, an echo response from the temnlnal unit 13, hereby 

calculating the RTT, RTTi, from there to the terminal unit 13 (step SI 00). Then, 
based on the counter value located in the echo response from the terminal unit 13, an 

estimation processing Ei to estimate the number of routers from the application server 
11 to the access sen/er 12 is conducted (step S1Q1). Then, according to the result of 

the estimation processing Ei , it sends the echo request with an initial counter value that 
Is set to allow the access sender 12 to reply the echo response, and tfien calculates the 

RTT, RTT2, from thereto the access server 12 (step SI 02). 

Meanwhile, depending on the composition of the networl«s No to Nn, the number 
RNi of routers in the route from the application server 1 1 to the terminal unit 1 3 may be 
different from the number RN2 of routers in the route from the temninal unit 13 to the 
application server 11. Since the estimation processing Ei thus estimates the numlser 
RN2 of routers in the route from the terminal unit 13 to the application server 11, an 
estimation processing E2. detailed later, checl<s whether this estimation is correct or not 
(step SI 03). 

As a result, the data delay time t of the line 14 is calculated, and then, based on 
the first and second criterion tables In FIGS.9 and 10, an estimation processing E3 to 
determine the bandwidth of the line 14 is conducted (step SI 04). 

The processing of the application sender 11 In RG.11 is explained in detail 

below. 

Fie.12 shows the outline of the RTTi calculation processing in FIQ.11. In the 
application server 11, the packet processing section 81 monitors the reception, through 
the nelworl« IF 80, of an connection request padcet to request the setting of the 
communication route from the terminal unit 13 as explained in FIG.4 (step S110:N). 
When the reception is detected (step S110:Y) and the connection through the 
communication route up to the terminal unit 13 is approved, the networl< connection 
.processing section 82 generates the connection approval packet (step S1 11). In the 

23 



2005^ 2fl23B \m\^ HIRATA&PARTNERS 



No. 9991 P. 28 



connection approval packet, the addresses of the application server 1 1 and the terminal 
unit 13 are located In the sender address and the destination address, respectively, and 
data to indicate the approval is located In the IP data field. In the counter field, such a 
counter value as to discard the data without being stayed in the networks during a long 
time for some reason Is located. Then, the packet processing section 81 sends the 
connection approval packet to the terminal unit 13 (step S112). 

Thereafter, the packet processing section 81 waits for the reception of a 
response packet, in reply to the connection approval packet sent at step S112, sent 
through the network IF 80 from the terminal unit 1 3 (step S1 13:N). When the response 
packet is received (step S113:Y), it is judged that the communication route up to the 
tenminal unit 13 is set, and then an echo request is generated by the echo processing 
section 83 and is sent to the temiinal unit 13 (step S114), In the echo request, the 
address of the terminal unit 13 is located in the destination address, the address of the 
temilnal unit 13 is located In the sender address, and data, to indicate the echo 
response with the control message of ICMP is located in the IP data field. In the 
counter field, such a counter value as not to discard the data without being stayed in the 
networks during a long time for some reason is located. 

After That, the echo processing section 83 waits for the reception of an echo 
response, in reply to the echo request sent at step S1 14, sent from the temiinal unit 13 
(step S115;N). When the echo response is received (step S115:Y). the RTT 

calculation processing section 84 calculates the RTTi, which is an RTT up to the 
temiinal unit 13, from send time of the echo request at step S114 and receive time of 

the echo response at step S1 15 (step S1 16). The RTTi up to the temiinal unit 13 is 

calculated by equation (2) below. 

RTTi = (receive time of echo response) - (send time of echo request) ... (2) 
FIG.13 shows the outline of the estimation processing Ei in FIG.11. The 

estimation section 85 of the application server 1 1 first acquires the counter value In the 

counter field from the echo response received by the packet processing section 81 . 
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This counter value is subjected to the decrement every time the echo response, which 
has such an Initial value as not to make the data stay in the networks during a long time 
for some reason to be set after the terminal unit 13 received the echo request, is 

passed through the access server 12 and the first to N-th routers lO-t to IOn. Since 
the number of routers passed through between the terminal unit 13 and application 
server 1 1 is normally less than 30, more than five bits are assigned to the counter field. 
Thus, as the initial value of the counter value, a numeral that is easy to estimate, e.g. 
"32", "128" and "255". Is used. Thereby, the initial value set by the terminal unit 13 can 
be estimated (step SI 20). For example, when the counter value in the counter field of 
the echo response received by the application sen/er 11 is '121', since, as described 
above, the number of routers passed through between the terminal unit 13 and 
application server 11 is nonnally less than 30, the initial counter value is estimated to be 
"128". 

Tlien, the number of routers up to the access server 12 Is calculated by equation 
(3) below. 

(number of routers) - (estimated Initial value) - (counter value of echo response) 
-1 ... (3) 

Thus, \A^en the counter value in flie counter field of the echo response received 
by the application server 11 is "121", the number of routers up to the access server 12 
is"6(«l2B-121-1)". 

If tile number of routers calculated is zero or less (step S122:Y). since it Is 
Impossible to conduct tiie estimation processing, a given stop processing is conducted 
to stop the concerned processing (step Si 23). On tiie otiier hand, if the number of 
routers calculated is not zero (step SI 22:N), it proceeds to the next processing. 

FIG.14 shows the outilne of flie RTT2 calculation processing in RG.11. The 
estimation section 85 of tine application sen/er 11 generates a new echo request that 
tile number of routers up to tiie access sen/er 12 calculated by the echo processing 
section 83 at step S121 in FIQ.13 is set as the counter value of the counter field (step 

as 
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S1 25). Then, this echo request is sent to the terminal unit 1 3 by the packet processing 
section 81 (step SI 26). In fact, since tfie counter value is decremented by one at the 

first to N-th routers 10i to 10n and the access server 12, an echo response as a repiy 
is sent from the access server 1 2. 

On the oVier hand, the application server 11 waits for the reception of the echo 
response sent from the terminal unit 13 in reply to the echo request sent at step SI 26 
(step S127;N). When the echo response is received (step S127:Y), the RTT 

calculation processing section 84 calculates the RTT2, which is an RTT up to the 
access server 12, from send time of the echo request at step 8126 and receive time of 

the echo response at step 31 27 (step SI 28). The RTT2 up to the access sender 12 is 
also calculated by equation (2). 

RG.15 shows the outline of the estimation processing E2 in FIG.11. As 
described earlier, depending on the composition of the networks Nq to N(m, the number 
RNi of routers in the route from the application server 1 1 to the terminal unit 13 may be 
different from the number RN2 of routers in the route from the terminal unit 13 to the 
application server 11. Here, If the number RNi of routers in the route from the 
application sen/er 11 to the terminal unit 13 is less than the number RN2 of routers, 
which is estimated in the estimation processing Ei , in the route from the terminal unit 
13 to the application server 11, the echo request sent at step S126 in RG.14 must 
reach the terminal unit 13. Therefore, by checking whether the echo response 
received by the application sender 1 1 is sent from the terminal unit 13 or not, it is judged 

whether the estlmaton processing Ei was conrect or not 

In detail, the application server 11 checks whether the echo response received 
through the network IF 80 by the packet processing section 81 is sent from the terminal 
unit 13 or not, in reply to the echo request sent at step S126 In FIG.14 (step S130). 
This can be easily conducted by referring to the sender address of the echo response 
received. As a result, if determined the echo response Is not from tlie terminal unit 13 
(step S130:N), it is judged that the estimation in the estimation processing E^ was 
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correct, and then the estimation processing E2 is finished (end). Thus, when the 
number RNf of routers in the route from the application server 1 1 to the temimal unit 13 
is larger than the number RN2 of routers in the route from the terminal unit 13 to the 
application server 11, It is determined that the echo response Is sent from the access 
server 12, and it proceeds to the next processing. 

On the other hand, if determined the echo response is from the temninai unit 13 

(step S130:Y), It Is judged that the estimation in the estimation processing Ef was not 
correct, and then an echo request that the Initial counter value of the echo request at 

step S126 in FIG. 14 estimated in ttie estimation processing E-\ is divided by two and 
this value divided is newly set as the counter value of the counter field is generated. 

Then, returning to step Si 26 in FIG.14, the RTT2 up to the access server 12 is 
calculated again (step SI 31). 

FIG.16 shows the outline of the estimation processing E3 in FiG.11. After, as 
explained in FIGS. 12 to 15. the RTTi up to the temiinal unit 13 and the RTT2 up to the 
access sender 12 are calculated, the data delay time t of the line 14 is then calculated 
by equation (1), described earlier (step Si 35). Then, based on the data delay time t of 
the line 14, the network composition between the application server 1 1 and ti-ie terminal 
unit 1 3 is judged referring to the tables in FiGS.9 and 1 0 (step 8136). If judged the line 
14 is of a narrow-band line in reference to FIQ,9, then the detailed line bandwidth of the 
line 14 with the terminal unit 13 connected Is estimated in reference to FIG.10 (step 
SI 37). 

FIG.17 shows the outline of the data transfer processing by the application 
server 11. After tiie bandwidth of tine line 14 Is estimated as shown in FIG.16, the 
contents data is transferred to the terminal unit 13 as below. Namely, if judged the Hne 
14 witii tile terminal unit 13 connected is of the narrow-band line in reference to RGS.9 
and 10{step S140:Y). a specific line bandwidth is set in reference to FIQ.IO, and then 
tiie contents data being requested from the terminal unit 13 is transfen^d therethrough 
(step 5141). On the other hand, if judged tiie line 14 with the temninal unit 13 
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connected is not of the narroW'band line (step S140:N), the predetermined maximum 
bandvwdth is set, and then the contents data being requested from the tenmlnal unit 13 
is transfen'ed therethrough (step Si 42), 

The operation of the network system in this embodiment composed as described 
thus far is explained below. 

FIG.18 shows the outline of the operation of the network system in this 
embodiment. In FI6.18, defining the vertical coordinate axis as time axis, viewing from 
packet data being communicated among the terminal unit 1 3, the access sender 12 and 
the application server 11, the operation sequence of the network system in the 
embodiment is shown. Given that the line 14 between the terminal unit 13 and the 
access server 12 is already set, when the terminal unit 13 having, e.g., a browser 
function acquires and browses contents data stored in the application server 11, the 
terminal unit 13 first sends a connection request to the application server 11 
(connection request 150). This connection request is composed of IP packet data as 
shown in FIQ.2A and as explained in FIQ.4. Thus, the IP packet data Is transferred 
through the access server 12, which is included in the Internet composed of the 

networks No to Nn, to the application server 11 tiiat is identified by an address located 
In the destination address of the IP packet data. When the application server 11 
receives tiie connection request 150 from the terminal unit 13, it checks whetiier the 
connection contact conceming the terminal unit 13, the sender, exists or not. When it 
Is confirmed that tfie terminal unit 13 Is allowed to connect with tiie application server 1 1 , 
the application server 11 sends a connection approval 151 as a reply. The terminal 
unit 13 sends a response 152 to the application server 11 tis Inform that of tiie 
connection approval being received. 

Then, the application server 11 sends a first echo request 153 to .tiie tenninal 
unit 13 in order to estimate ttie bandwidth of the line 14 that the terminal unit 13 is 
connected wHh the access sen/er 1 2. The counter value in the counter field of tiie first 
echo request 153 is sot to be such an Initial value as to reach the terminal unit 13 and 

28 



2005$ 2fl23B HIRATA&PARTNERS 



No. 999 1 P. 33 



not to make the data stay in the networks during a long time without reaching the 
terminal unit 13 for some reason. When the terminal unit 13 receives the first echo 

it 

request 153. it sends a first echo response 154 with a destination address that is 
replaced by the address of the application server 11 which is the sender address of the 
first echo request 153. Several bits are assigned to the counter field of the first echo 
response 154, and, considering that the number of routers passed through between the 
temilnal unit 13 and application server 11 is normally less than 30. a numeral that is 
easy to estimate, as described earlier, is set as the Initial value of the counter value. 

After the first echo response 154 is sent from the terminal unit 13, the counter 
value In the counter field of the first echo response 154 is decremented by one every 
time the first echo response 154 Is passed through the access server 12 and the first to 

N-th routers lOi to 10|si in the networks No to Nfyj. The first echo response 154 finally 
reaches flie application server 11 designated by the destination address. The 
application server 1 1 Is enabled to clock a period from the send time of the first echo 
request 153 to the receive time of the first echo response 164. thereby measuring the 

round trip time RTTi . 

The application server 11 estimates the initiai counter value set by the terminal 
unit 13 from the counter value in the counter field of the first echo response received, as 
well as measuring the RTTi ■ example, when the counter value of the first echo 
response 154 is "121", since the number of routers passed through between the 
terminal unit 13 and application server 11 is normally less than 30 and the Initial value 
set is to be a numeral easy to estimate, "128" Is estimated as the Initial counter value. 
Therefore, the number of routers up to the access sen^r 12 is estimated to be "6" by 

equation (3) (estimation processing 155). 

Then, the application server 11 sends the terminal unit 13 a second echo 
request 156 that the estimated number of routers, "6", is set as the count9r value in the 
counter field. If the estimation above Is con-ect, since the counter value is 
decremented by one every time the second echo request 156 Is passed through the 
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routers in the net\AK)rks No to Nni the counter value beconnes zero at the access server 
12 and therefore a second echo response 157 is sent as a reply together \Anth 
information that the second echo request 156 Is discarded. The application server 11 

measures the round trip time RTT2 at the reception of the second echo response 157. 

As described earlier, the number of routers In the route from the application 
server 11 to the terminal unit 13 may be different from the number of routers In the route 
from the temninal unit 13 to tiie application server 11. So. when receiving the second 
echo response 157 from the temninal unit 13, the application server 11 Judges that the 

number of routers up to the access server 12 calculated in the estimation processing Ei 
Is not correct, and then sends the temninal unit 13 a new echo request that the Initial 
counter value of the second echo request 156 being divided by two Is set as the counter 

value of the counter field. Thus, the round trip time RTTg is measured. On the other 
hand, if the second echo response 157 is not from the tenminal unit 13, the application 
server 1 1 judges that the number of routers up to the access server 12 calculated in the 

estimation processing Ei was corect (estimation processing E2 156). 

Then, the application server 1 1 calculates, by equation (1), the data delay time t 

of the line 14 from the RTTi and RTT2 measured, and then estimates the network 
composition between the application server 11 and the terminal unit 13 in reference to 
the first criterion table in FIG.9. In this process, when it is judged that the line 14 with 
the terminal unit 13 connected is of a narrow-band line, the bandwidth of the line 14 is 
further estimated, based on the data delay time t. in reference to the second criterion 

table in FIG.10 (estimation processing E3 159). 

When it Is judged that the line 14 with the terminal unit 1 3 connected is thus of a 
narrow-band line, the application server 11 sends contents data stored Inside to the 
terminal unit 13 according to the line bandwidth estimated from the second criterion 
table in FIG.10. On the other hand, when it is judged that the line 14 with the temiinal 
unit 13 connected is of a broad-band line, the application server 11 sends the contents 
data stored inside to the temninal unit 13 at the maximum bandwidth (contents data 
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I6O1.I6O2. ...)• 

As explained above, In the network system In this embodiment, when the 
temnlnal unit 13 acquires contents data through the line 14 connected with the access 
server 12 from the application server 1 1 that is Included In the Internet composed of the 
networks Nq to N|y| being connected each other through the first to N-th routers IO1 to 
10n, the application server 11 sends the first echo request to the temriinal unit 13, 
receives the first echo response sent in reply to that request, measures the round trip 

time RTTi up to the temiinal unit 13, and estimates the number of routers between the 
application server 11 and the terminal unit 13 from the counter value, which is 
decremented by one every time being passed through one of the routers In the counter 
field of the echo response. Then, using the estimated number of routers, the 
application server 11 further sends the second echo request so as to receive a reply 
from the access server 12, receives the second echo response s^ in reply to that 

request, measures the round trip time RTT2 up to the access server 12. Therefore, by 
calculating the data delay time t of fhe line 14, the line bandwidth of the line 14 is 
estimated. Based on the line bandwidth, the contents data stored is supplied to the 
temriinal unit 13. Thus, It is not necessary to send the connection Information about the 
bandwidth of the line 14 etc. from the terminal unit 13. Further, without modifying the 
installation status of the terminal unit 13. the terminal unit 13 can be comfortably 
supplied with the various sen/ice data to be transferred from the application sender 11. 
Therefore, this network system can be easily applied to the eadstlng Internet system. 
Meanwhile, the network system in this embodiment does not depend on the 

connection relation of the networks Nq to Nn. 

Although, in this embodiment, it Is explained that the connection processing 
between the terminal unit 13 and the application server 11 Is conducted in three-way 
shake hand manner, the network system of the invention is not limited to such a 
manner. Also, in the three-way shake hand manner, the connection approval packet 
of the application server 1 1 in reply to the connection request packet from the terminal 
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unit 13 may be processed as the echo request and the response packet from the 
terminal unit 13 to the application server 11 may be processed as the echo response. 
In this case, the number of padcets communicated in the network can be reduced, 
therefore the tiiroughput can be enhanced. 

Although, in this embodiment the first criterion table in FIG.9 uses 100 ms as the 
border of "large" and "small" In time for the judgment, the network system of this 
invention Is not limited to this. For example. 90 ms may be used as the border. 
Namely, the border time can be a proper value to be selected according to the 
composition of the network system. 

Although, in this embodiment, the second criterion table In FIG.10 assumes that 
the packet size of echo request Is around 100 bytes, the network system of this 
invention is not limited to this. The border of data delay time t is to be suitably aitensd 
in proportion to the packet size. Also, when the broad-band line Is subject to the 
estimation or in order to enhance the precision of estimation, the packet size may be 
Increased. 

Also, in this embodiment, when judged the estimation In the estimation 

processing Ei is not correct in tiie estimation processing E2. the Initial counter value of 
the echo request is divided by two. However, tiie network system of tiiis invention is 
not limited to this. Aitematively. the initial counter value of tiie echo request may be 
multiplied by a value n (n is 0<n<1) to be selected to enhance the estimation precision. 

In the network system of tills invention, due to a convergence in the networi<, the 
second echo response may not be received by tiie application server 11. In this case, 
since the RTTi is generally larger tiian the RTT2, if tfie application server 11 does not 
receive the second echo response when the RTTi elapses after the application server 
1 1 sends the second echo request, the estimation processing E2 may be processed 
detennining this time-out. 

Although, in this embodiment, the estimation processing E2 is used to judge 
whettier the estimation in tiie estimation pnacessing Ei is con-ect or not, the network 
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system of this invention is not limited to tills. Alternatively, in the estimation processing 

Ei the round trip time RTTi is measured, and the round trip time RTT2 is measured 
using the second echo request that the estimated number of routers up to the access 
sen/er 12 being divided by two wnthout any check is set as the Initial count value. Thus, 
tiie estimation processing Eg can be omitted. This way is useful for a case that the 
transmission bandwidtii of the networks No to Nn is extremely larger than the 
bandwidtii of the line 14. As a result, the processing load of the application server 11 
can be reduced while offering the same estimation precision as that in this embodiment. 

Advantages of the Invention: 

In the invention defined as claim 1 attached herein, it is not necessary to send 
tiie connection information about the bandwidtii of the communication line from tiie 
terminal unit. Also, the terminal unit can be comfortably supplied witii the various 
service data to be transferred from the application server. 

In tiie Invention defined as claim 2 attached herein, tiie data delay time of 
communication line is calculated from the first round trip time from tiie second unit to 
tiie temfiinal unit and the second round trip time from the second unit to the first unit. 
Also, there is provided the communication line bandwidtii storing means that stores, in 
advance, the bandwidth of communication line corresponding to the data delay time of 
communication line, and the second unit sends data to the temninal unit according to 
tiie calculated data delay time. Therefore, in addition to tiie advantages of the 
invention in claim 1 , tiie bandwidtii estimation of tiie communication line connected to 
the terminal unit can be simply conducted at a relatively high precision. 

In the invention defined as claim 3 attached herein, the bandv^dtii estimation of 
the communication line connected to the temiinal unit is conducted using the echo 
request and echo response. Therefore, without modifying the installation status of the 
terminal unit, the network system of this invention can be easily applied to the existing 
Internet system. 
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In the invention defined as claim 4 attached herein, the application sen/er checks 
whether the second echo response is from the tennlnal unit or not. When judged it Is 
from the temilnal unit, the application server determines that the estimated number of 
routers is not correct because the number of routers in the route from the application 
sen/er to terminal unit is less than the number of routers in the route from the temnlnal 
unit to the application sen/er Then, it sends again the second echo request witfi the 
initial counter value of a less value by the re-send control means, thereby measuring 
the second round trip time. Thus, the bandwidth estimation precision of the 
communication line connected to the terminal unit can be enhanced. 

In the invention defined as claims 5, attached herein, the processing of the 
application server can be simplified, thereby the data transfer can be conducted 
efficiently even In case of a narrow-band line that is likely to be subject the convergence 
of network. Also, in case of a broad-band line, the terminal unit can receive data more 
comfortably. 

In the invention defined as dalm 6 attached herein. In a case that the connection 
processing to be conducted prior to the data transfer from the application server to the 
temiinal unit is conducted in three-way shake hand manner, the connection approval 
packet of the application server in reply to the connection request packet from the 
temninal unit is processed as the first echo request and the response packet from the 
terminal unit to the application server is processed as the first echo response. Thereby, 
the number of packets communicated in the network can be reduced, therefore the 
throughput can be enhanced. 
[Brief Description of the Drawings] 

[RG.I] It is an explanatory diagram showing the schematic composition of a 
,networi< system in a prefen-ed embodiment according to the Invention. 

(FIGs.21 They are explanatory diagrams showing the composttion of data to be 
communicated in the network system in the embodiment. 

(FIG.31 It is a block diagram showing the composition of a terminal unit 
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concerning the estimation control of line bandwidth in the embodiment. 

[FIQ.4J It is a flow chart showing the connection processing of communication 
route between the terminal unit and an application server in the embodiment. 

[FIG.5J It is a flow chart showing the echo processing between the temilnal unit 
and the application sender in the embodiment. 

IFIG.61 It is a block diagram showing the composition of an access sen/er 
concerning the estimation confrol of line bandwidtin in tfie embodiment. 

[FIG.7J It is a flow chart showing the packet repeat processing of the access 
sen/er in tiie embodiment. 

[FIG.8] It is a block diagram shovwng the composition of the application server 
concerning flie estimation control of line bandwidth in the embodiment. 

[FIQ.S] It Is a table showing the content of a first criterion table in the 
embodiment. 

[FIG.IO] It is a table showing the content of a second criterion table in the 
embodiment. 

[FIG.11J It is a flow chart showing the outiin© of processing of the estimation 
conti'ol of line bandwidtti by the application server in tiie embodiment 

[RG.121 It is a flow chart shovwng an RTTi calculation processing in the 
embodiment. 

IFIQ.13J It is a flow chart showing an estimation processing Ei In the 
embodiment 

IFIG.14J It is a flow chart showing an RTT2 calculation processing in tiie 
embodiment 

(FIG.15I It is a flow chart showing an estimation processing Eg in the 
embodiment 

[FIQ.16I '5 a flow chart showing an estimation processing E3 in tiie 
embodiment, 

[FIG. 17] It Is a flow chart showing the date ti^sfer processing of the 
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application server in the embodiment. 

(FIG. 18] It Is a diagram showing the operation sequence of the network system 
in the embodiment. 

[Reference Numerals] 

1 0i to 1 On routers 1 st to Nth 

11 application server 

12 access server 

13 terminal unit 

14 line 
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[Document] Abstract 
ISummaiyJ 

[Object] It fs an object of the invention to provide a networic system that achieves 
the optimum data transfer knowing bandwidth of communication line between a 
terminal unit and an access server without requiring the connection information about 
the bandwidth of communication line therebetween from the terminal unit. 
[Means for solving by the Invention] 

An application server 11 included In a network Nq to Nn is interconnected 
through the first to N-th routers 10i to IOn sends a first echo request to a tennlnal unit 
13 connected with the access seiver 12 through line 14, measures a round trip time 
(RTTi) from the application server to terminal unit 13 and estimates the number of 
routers between application server 11 and access server 12. TTien, the application 
server sends a second echo request with the estimated number of routers and 
measures a round trip time (RTT2) from tiie application server to access server 12, 
Thereby, a data delay time (t) of the line 14 is detemnined and communication 
bandwidth of the line 14 Is estimated corresponding to the time (t). 
[Selected FIG.] FIG. 1 
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FIG. 9 
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